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(54) A method for monitoring registration of images printed by a printer 



(57) The printer has at least two printing stations 
(102, 104, 106, 108) which cause images to be printed 
on a substrate (1 10). The printer is capable of registra- 
tion adjustment First and second patterns (116) of 
spaced registration marks are printed onto the sub- 
strate (110) by operation of the printing stations (102, 
104, 106, 108). The second pattern (1 16) partially over- 
laps the first pattern (112) to form a composite pattern 
(120) of registration marks. The composite pattern 



(120) is illuminated and the reflectivity thereof is exam- 
ined at wavelengths complementary to the colours of 
the first and second patterns to obtain a reflectivity sig- 
nature (S M ) for the composite pattern (120). The reflec- 
tivity signature (S M ) of the composite pattern (120) is 
compared with a predetermined signature (S 0 ) to deter- 
mine an adjustment factor (f m , f c , f y ) for the printer. 
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Description 

Field of the invention 

[0001] The present invention relates to a method for 
monitoring registration of images printed by a printer, in 
particular a multi-colour printer of the type in which at 
least two printing stations cause different images to be 
printed on a substrate. 

Background to the invention 

[0002] Methods are known for monitoring registration 
of images printed by a printer of the type in which at 
least two printing stations cause different images to be 
printed on a substrate, the printer being capable of reg- 
istration adjustment. According to this method a first 
pattern of registration marks of a first colour is printed 
onto the substrate by operation of one of the printing 
stations. A second pattern of registration marks of a 
second colour is printed onto the substrate by operation 
of another printing station. The second pattern partially 
overlaps the first pattern to form a composite pattern of 
registration marks. The composite pattern is illuminated 
and the reflectivity thereof is examined to obtain a 
reflectivity signature for the composite pattern. The 
reflectivity signature of the composite pattern is com- 
pared with a predetermined signature to determine an 
adjustment factor for the printer. 

[0003] In United States patent US 5402726 (Levien) a 
register pattern and a system for bringing a pair of reg- 
ister patterns into alignment is disclosed. A first pattern 
comprises a plurality of dots of a first frequency, while a 
second pattern comprises a plurality of dots of a second 
frequency. When the patterns are overlaid, an interfer- 
ence pattern is observed. Images are in correct register 
when the interference pattern produces a maximum 
bright region in the centre of the overlaid pattern. The 
position of the bright region is detected for example by 
the use of an on-line sensor of photosensitive elements. 
A small relative movement of the images out of register 
produces a relatively large movement in the position of 
the bright region. The position of the bright region indi- 
cates the direction and degree of correction required for 
correct registration. 

[0004] The arrangement disclosed by Levien suffers 
from the disadvantage that a large number of dots have 
to be printed and measured in order to determine the 
position of the bright region and that it is necessary to 
calibrate an array of photosensitive elements. The Lev- 
ien arrangement also requires a high measurement res- 
olution in order to measure all of the composite pattern. 
[0005] European patent application EP 0744669 
(Xerox Corporation) discloses a wide area beam sens- 
ing method and apparatus for image registration calibra- 
tion in a colour printer. The method includes printing a 
first pattern of spaced registration marks in a first colour 
onto a black or transparent image bearing member, 
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printing a second pattern of spaced registration marks 
in black onto the image bearing member to partially 
overlap and mask the first pattern, illuminating the com- 
posite pattern so formed to produce actual diffuse and 

5 direct light reflectance measurement values from the 
printed marks and comparing the measurement values 
to obtain an adjustment factor for the printer. 
[0006] This method suffers from the disadvantage that 
measurements have to be taken on a black or transpar- 

w ent image bearing surface, which is typically a transfer 
belt in the printer, whereas it is preferable to take meas- 
urements on the final image bearing substrate, typically 
paper, which is white or coloured but almost certainly 
not black or transparent. Furthermore, it is preferable 

75 that measurements be taken after the toner image has 
been fixed to the substrate, whereas the method of EP 
0744669 is essentially carried out prior to fixing the 
image. This is because the glossy effect of the fixed 
black toner will otherwise not have the necessary mask- 

20 ing effect while fixing of a multicolour image results in 
some mixing of the different colour toners resulting in an 
image density which may be different from that of the 
un-fixed image. Still further, the method of EP 744669 
does not enable control of registration of two images 

25 printed in the same colour, for example black on black, 
which may sometimes be required. Yet further, the 
method of EP 744669 does not enable control of regis- 
tration of two images both printed in a colour other than 
black or, for example, where "black" images are 

30 obtained by a superposition of images of three or more 
other colours. 

OBJECTS OF THE INVENTION 

35 [0007] It is an object of the present invention to pro- 
vide a method for monitoring registration of images 
printed by a multi-station printer in which a minimum 
number of registration marks need be printed and 
where the method is capable of monitoring the registra- 

40 tion of two images printed in the same colour, in colours 
other than black and/or where "black" images are 
obtained by a superposition of images of three or more 
other colours. 

45 SUMMARY OF THE INVENTION 

[0008] We have discovered that this objective, and 
other useful benefits, can be obtained when the reflec- 
tivity of the composite pattern is measured at wave- 
so lengths complementary to the colours of the first and 
second patterns. 

[0009] Thus, according to the invention, there is pro- 
vided a method for monitoring registration of images 
printed by a printer of the type in which at least two 
55 printing stations cause images to be printed on a sub- 
strate, the printer being capable of registration adjust- 
ment, the method comprising: 
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(a) printing a first pattern of spaced registration 
marks onto the substrate by operation of one of the 
printing stations; 

(b) printing a second pattern of spaced registration 
marks onto the substrate by operation of another of 
the printing stations, the second pattern partially 
overlapping the first pattern to form a composite 
pattern of registration marks with interposed 
spaces; 

(c) illuminating the composite pattern and examin- 
ing the reflectivity thereof to obtain a reflectivity sig- 
nature for the composite pattern; and 

(d) comparing the reflectivity signature of the com- 
posite pattern with a predetermined signature, 
indicative of good registration, to determine an 
adjustment factor for the printer, 

characterised in that the reflectivity of the composite 
pattern is examined at wavelengths complementary to 
the colours of the first and second patterns. 
[001 0] The method may further comprise applying the 
adjustment factor to the printer to ensure correct regis- 
tration of subsequently printed images. 
[001 1 ] Preferably, the first pattern of spaced registra- 
tion marks comprises a first sequence of first marks 
having a known spacial distribution and the second pat- 
tern of spaced registration marks comprises a second 
sequence of second marks having a spacial distribution 
different from that of the first sequence. The first pattern 
of registration marks may comprise a sequence of 
groups of first marks and the second pattern of registra- 
tion marks may comprise a sequence of groups of sec- 
ond marks, the first sequence having a spacing different 
from that of the second spacing. In one embodiment the 
difference between the spacing of the groups in the first 
sequence and the spacing of the groups in the second 
sequence corresponds to the minimum possible regis- 
tration adjustment which can be applied to the printer. 
[0012] Preferably the closest spacing of the marks in 
any sequence or group is not less than the width of the 
marks in the same measurement direction. 
[0013] The predetermined reflectivity signature may 
include a point of minimum reflectivity and the meas- 
ured reflectivity signature may include a point of mini- 
mum reflectivity, offset from the position of the 
predetermined reflectivity signature minimum by a dis- 
tance indicative of the adjustment factor. In an alterna- 
tive embodiment, the signatures include points of 
maximum reflectivity. 

[0014] The patterns can be located close to the edge 
of the printed substrate, which position usually repre- 
sents the empty margin of the image being printed, or 
between two successive print pages. 
[001 5] In a preferred embodiment, one of the printing 
stations is considered as a reference station requiring 
no adjustment, whereby the adjustment factor is indica- 
tive of an adjustment to be applied to the other of the 
printing stations. 



[0016] It is possible for both the first and second pat- 
terns to be printed in black, where the printer is of the 
type in which two or more black images are printed at 
different printing stations. It is also possible for the first 

5 and second patterns to be printed on opposite faces of 
a transparent substrate. However, it is more usual that a 
multi-station printer is used for printing images of differ- 
ent colours at the different printing stations. It is there- 
fore a more usual embodiment of the present invention 

10 that the first pattern of spaced registration marks is 
printed in a first colour and the second pattern of 
spaced registration marks is printed in a second colour, 
different from the first colour, whereby the composite 
pattern of registration marks is a multi-colour pattern of 

75 registration marks. 

[0017] The multi-colour pattern may be illuminated 
with light from a plurality of light sources, having output 
wavelengths complementary to the first and second col- 
ours. The reflectivity of the multi-colour pattern can then 

20 be measured by allowing light from the light sources to 
be reflected by the multi-colour pattern to fall on a light 
sensor. The light sources are preferably light emitting 
diodes which enable the reflectivity of the multi-colour 
pattern to be measured without the imposition of colour 

25 filters. 

[0018] In a preferred embodiment the registration of 
the various different coloured images is considered by 
taking the colours in pairs. Thus a number of multi-col- 
our patterns are printed, each consisting of only two col- 

30 ours. We particularly prefer that the first colour is black 
and the second colour is other than black. The advan- 
tage of this arrangement is that only one light source is 
needed for each multi-colour pattern, since all visible 
wavelengths are complimentary to black. 

35 [001 9] The reflectivity of the composite pattern may be 
measured off-line by using, for example, a known scan- 
ning densitometer comprising a light source and a 
detector positioned in a fixed relationship to the light 
source to receive light from the light source reflected by 

40 a sample of printed material. The pattern is illuminated 
with light from the light source and the detector is used 
to measure the reflected light. Examples of off-line 
reflectometers include the X-Rite (Trade Mark) 428 
Reflection Densitometer, or the DTP51 Desktop Pub- 

45 lishing Reflection Colorimeter, both from X-Rite Inc., 
Michigan, USA. 

[0020] However, such known devices use light 
sources of white light and one or more filters are selec- 
tively interposed in front of the detector thereby to 

bo ensure that only light of a given wavelength band 
reaches the detector. Complicated optics are required 
to ensure that the printed substrate is illuminated with 
parallel light and that the intensity of reflected light 
reaching the detector is not a function of the distance 

55 between the detector and the printed material. 

[0021] This method is inconvenient in having to 
remove a sample of printed substrate from the printer 
and to interpose a selected filter, the light output of most 
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white light sources is unpredictable over time, both in 
terms of power and wavelength distribution. The known 
device requires moving parts to enable filters to be 
changed, or the use of a number of separate detectors. 
Filters reduce the light reflectivity reaching the detec- 
tors, resulting in the need for higher exposure times or 
more sensitive detectors than would otherwise be the 
case 

[0022] For these various reasons we prefer to use an 
on-line device where the light source comprises an 
assembly of light emitting diodes capable, when acti- 
vated, of emitting light of different wavelength bands. 
[0023] Such a reflectometer may comprise a light 
source and a detector positioned in a fixed relationship 
to the light source to receive light from the light source 
reflected by the image on a sample of printed material, 
wherein the light source comprises an assembi at light 
emitting diodes capable, when activated, of emitting 
light of different wavelength bands, and control means 
are included for selectively activating one or more of the 
light emitting diodes. 

[0024] Light emitting diodes (LEDs) are readily availa- 
ble, have a short warm-up time, have a longer life and 
are more reliable in terms of energy and wavelength 
band output than conventional white light sources. By 
using light sources of a given wavelength band output, 
the need for filters is avoided. LEDs are also very low in 
cost, with the result that the reflectometer can be manu- 
factured for a cost which is orders of magnitude cheaper 
than conventional devices. 

[0025] The assembly may comprise at least three 
LEDs with different output wavelength bands. For exam- 
ple, the assembly comprises at least one blue LED, at 
least one red LED and at least one green LED. Further 
LEDs may be present. These may have output wave- 
lengths bands different from the first three LEDs, but lit- 
tle advantage is gained thereby. However, a further LED 
with an output wavelength band similar to one of the first 
three LEDs may be advantageous, where the detector 
is less sensitive to that wavelength band. 
[0026] In one embodiment, the LEDs and the detector 
are mounted in a common housing. The mounting of the 
LED assembly and the detector in a common housing 
has the advantage that the angle of incidence of light 
from the LEDs on the printed material lying in the meas- 
urement plane, remains constant. This angle is prefera- 
bly close to 45°, such as from 40° to 50°. The angle of 
reflection of light from the printed material lying in the 
measurement plane to the detector is preferably about 
90°, such as from 80° to 100°. The housing preferably 
defines an aperture, behind which the LEDs and the 
detector are positioned. The smaller the size of the 
aperture, the smaller need be the size of the patterns or 
the higher may be the number of readings which can be 
taken on a given pattern. A smaller aperture, however, 
requires LEDs of higher output energy, multiple LEDs 
per wavelength band or a detector of higher sensitivity. 
As a consequence, smaller test pages can be gener- 



ated which results in less waste. Also continuous meas- 
urements become more cost efficient. In any event, the 
aperture should be wider than the sum of the width of a 
registration marks and an adjacent space in the meas- 
5 urement direction. 

[0027] Since no optics are used, the light intensity 
detected by the detector depends not only upon the 
density of the printed substrate but also on the distance 
thereof from the detector. It is therefore important to 

io position the detector at a fixed distance from the printed 
substrate. The reflectometer may therefore further com- 
prise means to define a measuring plane in a fixed posi- 
tion relative to the LEDs and the detector. Where the 
LEDs and the detector are mounted in a common hous- 

15 ing, the housing may have surface portions defining the 
measuring plane. During measurement, these surface 
portions lie against the printed substrate, thereby ensur- 
ing that the distance between the printed substrate and 
the detector remains constant. The surface portions are 

20 preferably formed of a low friction material. This enables 
the monitoring to be carried out while the printed sub- 
strate is moving relative to the reflectometer, without 
causing damage to the printed substrate. In an alterna- 
tive embodiment, the housing of the device includes a 

25 roller in rolling contact with the substrate close to the 
measuring position to ensure that the LEDs and the 
detector remain at a fixed distance from the printed sub- 
strate. While it is possible to construct the reflectometer 
to move in synchronism with the printed substrate, this 

30 requires a more complicated construction and control 
system and is therefore less preferred. 
[0028] A positioning device may be provided for mov- 
ing the LEDs and the detector selectively into a measur- 
ing position adjacent the sample, and a non-measuring 

35 position away from the sample. In this manner, contact 
between the printed substrate and the reflectometer 
need only occur when monitoring is taking place. In one 
embodiment, the positioning device comprise a clamp 
device having a closed position corresponding to the 

40 measuring position and an open position corresponding 
to the non-measuring position. One arm of the clamp 
device carries the reflectometer, while the other arm 
carries a backing plate, which is also preferably coated 
with a low-friction material. Where the printer is a 

45 "duplex" printer, that is a printer which forms images on 
both faces of the substrate, especially such a printer 
which uses different sets of print engines for each face, 
it may be desirable to monitor the reflectivity of images 
on both faces of the substrate, preferably at the same 

so time, but at locations spaced from one another. Two 
reflectometers are required in this case. While one 
reflectometer can act as the backing plate for the other 
reflectometer, more reliable results are obtained by 
staggering the two reflectometers. Nevertheless, both 

55 reflectometers can be mounted on a common clamp 
device. 

[0029] The composite pattern is illuminated with an 
LED of the complimentary colour. A blue LED is used to 
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illuminate a yellow pattern, a red LED is used to illumi- 
nate a cyan pattern, and a green LED is used to illumi- 
nate a magenta pattern. Any LED colour can be used to 
illuminate a black pattern. 

[0030] The printed substrate output including the com- s 
posite pattern may be constrained to a measuring plane 
while light reflected from the pattern is detected. The 
output of the detector is processed to generate the 
adjustment factor and the printer is adjusted when the 
adjustment factor exceeds a predetermined threshold. 10 
This is particularly convenient when the printer is a dig- 
ital printer. The printer can be adjusted in a number of 
ways. For example, where the printer uses exposure of 
a photoconductive surface to generate an initial latent 
image, the exposure timing can be adjusted. is 
[0031] In order to ensure that the detector is posi- 
tioned correctly to make the required measurements, a 
calibration of its position relative to the edge of the sub- 
strate is recommended. Means are therefore preferably 
provided for lateral movement of the device. To ease the 20 
location of the ref lectometer directly above the compos- 
ite patterns, where the substrate is in the form of a web, 
the device may be mounted on a track extending across 
the web path, with a motor provided to drive the device 
along the track This can be particularly beneficial if the 25 
printer includes a web alignment compensation system 
in which variations in web alignment are detected and 
compensated for by lateral adjustment of the image 
forming system, or where the printer is to be used for a 
number of different types of output in which patterns are 30 
located in different lateral positions. The means for ena- 
bling lateral movement of the device may enable the 
device to be "parked" in a covered zone away from the 
web, to facilitate web handling. 

[0032] Where the printer includes a fixing device for 35 
permanently adhering the toner image to the substrate, 
it will be usual to position the reflectometer downstream 
of the fixing device, since the latter can have an effect 
upon the appearance of the toner image. 
[0033] The invention will now be described in further 40 
detail, purely by way of example, with reference to the 
accompanying drawings, in which: 

Figure 1 shows a multi-colour printer for use in a 
method according to the invention; 45 

Figure 2A shows, separately, first and second pat- 
terns of register marks used in a method according 
to the invention for monitoring registration in the 
transport direction, and a composite overlapping so 
pattern obtained therefrom; 

Figure 2B shows, separately, first and second pat- 
terns of register marks used in a method according 
to the invention for monitoring registration in the ss 
cross direction, and a composite overlapping pat- 
tern obtained therefrom; 



Figure 3 shows a possible construction for a reflec- 
tometer for use in a method according to the inven- 
tion; and 

Figure 4 shows a composite pattern of registration 
marks, the measured reflectivity signature obtained 
from such a composite pattern, and a predeter- 
mined reflectivity signature representative of good 
registration. 

[0034] The printer 26, such as a XEIKON DCP-1 dig- 
ital printer (ex Xeikon NV, Mortsel, Belgium), includes 
four image printing stations 102, 104, 106, 108 which 
cause images of different colours (specifically yellow, 
magenta, cyan and black) to be printed on a substrate 
1 10 in the form of a web, for example of paper, fed from 
a supply roll 30. The substrate moves through the 
printer at a speed of, for example, 12 cm/sec. 
[0035] Each printing station of the printer is capable of 
registration adjustment, i.e. adjustment of the position- 
ing and timing of image printing on the web so that each 
image is adjustable both in the X- and Y- directions. 
[0036] A first pattern 112 of registration marks is 
printed in black onto the substrate 1 1 0 by operation of 
the black printing station 108. As shown in the top line of 
Figure 2A, the first pattern 1 1 2 of registration marks 
comprises a first sequence of equally spaced groups 
1 13 of equally spaced first marks 114. In this case the 
marks are lines typically having a length of 5.0 mm, a 
line thickness of 0.25 mm and a spacing of 0.25 mm. 
Note that in Figure 2A, the marks are not drawn to 
scale. Figure 2A also indicates the size of the sensor 
aperture 1 7 in relation to these marks. The sensor aper- 
ture 17 is at least as wide as the period of the pattern, 
that is the total of the width of one mark 114 and its 
adjacent space 115, but its length is less than the length 
of the marks 114. The first sequence has a known spa- 
cial distribution X, X, X, X, Y, X, X, X, etc. Only three 
groups are shown in Figure 2A for the sake of clarity, 
while the preferred number of groups is determined by 
the preferred detection range. A pattern with nine 
groups is found to be suitable. 

[0037] As shown in the second line in Figure 2 A, a 
second pattern 1 1 6 of registration marks is printed onto 
the substrate 1 10 in, for example, cyan, by operation of 
the cyan printing station 106. The second pattern 1 16 of 
registration marks comprises a second sequence of 
equally spaced groups 117 of equally spaced second 
marks 118. The second sequence has a spacial distri- 
bution X, X, X, X. Z, X, X, X, X, etc. different from that of 
the first sequence. The difference A 1 in the transport 
direction indicated by the arrow T between the spacial 
distribution of the first sequence and the spacial distri- 
bution of the second sequence, i.e. V - Z, corresponds 
to the minimum possible registration adjustment which 
can be applied to the printer. 

[0038] As shown in the bottom line in Figure 2A, as 
printed the second pattern 116 partially overlaps the 
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first pattern 112 to form a multi-colour pattern 120 of 
registration marks. The multi-colour pattern has a first 
group of marks 1 19 1 , where the marks 1 14 from the first 
pattern 112 exactly overlap marks 1 1 8 from the second 
pattern 1 16, a second group of marks 1 19 2 , where the 
marks 114 from the first pattern 112 partially overlap 
marks 118 from the second pattern 116 and a third 
group of marks 1 19 3 , where the marks 1 14 from the first 
pattern 1 12 do not overlap marks 1 18 from the second 
pattern 1 16. The result of this is that the reflectivity of 
the first group 1 19 1 differs from that of the second and 
groups 119 2 , 119 3 . 

[0039] Referring to Figure 2B, a first pattern 212 of 
registration marks is printed in black onto the substrate 
110 by operation of the black printing station 108. As 
shown in the top part of Figure 2B, the first pattern 212 
of registration marks comprises a first sequence of 
groups 213 of equally spaced first marks 214. In this 
case the marks are lines typically having a length of 5.0 
mm, a line thickness of 0.25 mm and a spacing of 0.25 
mm. Note that in Figure 2B r the marks are not drawn to 
scale Figure 2B also indicates the size of the sensor 
aperture 1 7 in relation to these marks. The sensor aper- 
ture 17 is at least as wide as the period of the pattern, 
that is the total of the width of one mark 214 and its 
adjacent space 215, but its length is less than the length 
of the marks 214. 

[0040] As shown in the second part of Figure 2B, a 
second pattern 216 of registration marks is printed onto 
the substrate 110 in, for example, cyan, by operation of 
the cyan printing station 106. The second pattern 216 of 
registration marks comprises a second sequence of 
groups 217 of equally spaced second marks 218. The 
second sequence has a spacial distribution different 
from that of the first sequence in that each group is off- 
set in the cross direction from the preceding group by A 2 
which corresponds to the minimum possible registration 
adjustment which can be applied to the printer. 
[0041] As shown in the bottom part of Figure 2B, as 
printed the second pattern 216 partially overlaps the 
first pattern 212 to form a multi-colour pattern 220 of 
registration marks. The multi-colour pattern has a first 
group of marks 21 9 1 , where the marks 214 from the first 
pattern 212 exactly overlap marks 218 from the second 
pattern 216, a second group of marks 219 2 , where the 
marks 214 from the first pattern 212 partially overlap 
marks 218 from the second pattern 216 and a third 
group of marks 21 9 3 , where the marks 214 from the first 
pattern 212 do not overlap marks 218 from the second 
pattern 216. The result of this is that the reflectivity of 
the first group 219 1 differs from that of the second and 
groups 21 9 2 , 21 9 3 

[0042] Figure 3 shows a possible construction of a 
reflectometer for use in illuminating and detecting the 
reflectivity of the multi-colour pattern 120. The reflec- 
tometer 10 comprises a light source which includes an 
assembly of three light emitting diodes (LEDs) 12b, 12r, 
12g with different output wavelength bands, namely a 



blue LED 12b, a red LED 12r and a green LED 12g. 
Suitable LEDs are available from SLOAN Precision 
Optoelectronics, Sloan AG, Basel, Switzerland. 
[0043] The LED assembly and a detector 14 are 

5 mounted in a common housing 16, having a circular 
aperture 17 of 2 to 3 mm diameter in its lower face. 
Such an aperture size is suitable for a web speed of 
about 120 mm/sec, even up to 240 mrn/sec. The detec- 
tor 14 is thus positioned in a fixed relationship to the 

10 LEDs 12b, 12r, 12g to receive light from the LEDs 
reflected by a sample 18 of printed material. Suitable 
detectors are available from EG&G, UK or HAMA- 
MATSU, Japan. The housing 16 supports a printed cir- 
cuit board 19, carrying the necessary electronic 

15 circuitry, connected in an appropriate manner to the 
LEDs and the detector. While in the illustrated embodi- 
ment, only one LED of each colour is used, it may be 
desirable to use two LEDs of that colour to which the 
detector is least sensitive (usually blue). 

20 [0044] The housing 16 has two ski-like extending por- 
tions 24, which are orientated parallel to the web trans- 
port direction. The surfaces 20 of these ski-like 
extending portions 24 define a measuring plane 22 in a 
fixed position relative to the LED assembly and the 

25 detector 1 4. The surfaces 20 are formed of a low friction 
and long wearing material, for example of PTFE. 
[0045] The reflectometer is sited in the printer 26 fol- 
lowing a radiant image fixing device 36 and a substrate 
cooling device 38 and in advance of a sheet cutting 

30 device 32, from which cut sheets fall into a collection 
tray 33. The arrangement further includes a control 
device 34 which is capable of controlling the printer 26 
in response to the output of the detector 14. 
[0046] The multi-colour pattern 120 is illuminated with 

35 light from the LEDs 12b, 12r, 12g. Specifically, where 
the multi-colour pattern 120 has been printed in 
magenta, the green LED 12g is used. A pattern printed 
in black may be illuminated with an LED of any colour. 
[0047] The reflectivity of the multi-colour pattern 120 

40 is measured by allowing light from the selected LEDs to 
be reflected by the multi-colour pattern 120 to fall on the 
light sensor 14, without the imposition of colour filters. 
The reflectivity of the multi-colour pattern 120 is meas- 
ured at a resolution larger than the minimum possible 

45 registration adjustment which can be applied to the 
printer. 

[0048] Figure 4 shows a composite pattern of registra- 
tion marks, different from that shown in Figure 2A. Note 
that in Figure 4, the marks are drawn approximately to 

so scale. In this case, the composite pattern 120 is a multi- 
colour pattern formed from patterns printed in black and 
magenta and comprises seven groups of marks, num- 
bered 119 1 , 119 2 , 119 3 , 119 4 , 119 5 , 119 6 , and 119 7 
The multi-colour pattern 120 is obtained in a manner 

55 similar to that described in connection with Figure 2A, 
except for the purposes of illustration it is presumed that 
the composite pattern is obtained under conditions of 
bad registration between the black and magenta print- 
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ing stations. Figure 4 also shows the measured reflec- 
tivity signature S M obtained from such a composite 
pattern. It will be seen that in this signature one group, 
namely Group 5, exhibits a maximum reflectivity. Figure 
4 also shows a predetermined reflectivity signature S G , 
representative of good registration. In this signature 
Group 4 is the group having maximum reflectivity. The 
difference A between the maximum reflectivity group 
number of the measured reflectivity signature S M and 
that of the predetermined reflectivity signature S 0 , in 
this case a group number difference of 1 , is indicative of 
the an adjustment factor f m which must be applied to the 
printer. 

[0049] The predetermined signature S Q is stored in a 
storage device 124 (Figure 1) and the comparison 
between the measured reflectivity signature of the 
multi-colour pattern 120 with the predetermined signa- 
ture S Q is carried out in a comparison device within the 
control device 34. The adjustment factor f m is applied to 
the printer to ensure correct registration of subsequently 
printed images. The black printing station 108, is con- 
sidered as a reference station requiring no adjustment. 
The adjustment factor f m is therefore indicative of an 
adjustment to be applied, in this case, to the magenta 
printing station 104. 

[0050] The process is repeated in which a multi-colour 
pattern 120 printed in cyan and black is printed. This 
pattern is illuminated by the red LED 12r, and the reflec- 
tivity measured leads to an adjustment factor f c for the 
cyan printing station 106. 

[0051 ] The process is repeated in which a multi-colour 
pattern 120 printed in yellow and black is printed. This 
pattern is illuminated by the blue LED 12b, and the 
reflectivity measured leads to an adjustment factor f y for 
the yellow printing station 102. 

[0052] The reflectorneter examines the multi-colour 
pattern 120 with a resolution equal to the size of each 
group 119 1 , 119 2 , etc. 

EXAMPLE 

[0053] In an example, the reflectivity of a composite 
pattern comprising eleven groups of marks printed in 
black and magenta were examined by illuminating the 
composite pattern with green light and was found to be 
as follows: 



(continued) 



GROUP No. 


D = (1/ reflectivity) 


6 


0.61 


7 


0.57 


8 


0.59 


9 


0.75 


10 


1.06 


11 


1.95 



[0054] These measurements indicate a minimum 
15 reflectivity occurs at Group No. 3 (D = 2.14). If by prior 
calibration this position is found to give accurate regis- 
tration then Group No. 3 represents the point of mini- 
mum reflectivity for the predetermined reflectivity 
signature. A subsequently examined multi-colour pat- 
20 tern having a minimum reflectivity at another group, the 
difference in group numbers indicates the necessary 
adjustment factor to be applied to the magenta printing 
station, each Group Number difference requiring an 
adjustment by a distance A. 

25 

DEFINITIONS 

[0055] As used herein, the following definitions apply: 

30 Resolution: The minimum possible registration cor- 
rection. In electronic printers, the resolution in the 
transport direction is the clock frequency. 

Mark. A single colour printed figure, at least two 
35 sides of which are orthogonal to the direction of 
registration correction. The mark and its adjacent 
space together have a maximum width which is less 
than the aperture of the sensor. The width of the 
mark in relation to the resolution determines the 
40 detection range. A mark width of "n" times the reso- 

lution leads to a detection range of 2n + 1 . 

Period: The combination of one mark and its adja- 
cent space. 

45 

Group: Several periods of equally spaced marks. 
The dimension of a group must be larger than the 
aperture of the sensor. 



GROUP No. 


D = (1/ reflectivity) 


1 


1.19 


2 


1.79 


3 


2.14 


4 


1.57 


5 


1.11 



50 



55 



Composite group; Two or more superimposed 
groups. 

Pattern: A set of equally spaced groups of marks 
having a known spacial and density distribution. 

Composite pattern: Two or more superimposed pat- 
terns. 
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Signature Both the spacial and reflectivity distribu- 
tion of a composite pattern. 

Claims 

1. A method for monitoring registration of images 
printed by a printer of the type in which at least two 
printing stations (102, 104, 106, 108) cause images 
to be printed on a substrate (110), the printer being 
capable of registration adjustment, the method 
comprising: 

(a) printing a first pattern (1 12) of spaced regis- 
tration marks onto said substrate (110) by 
operation of one of said printing stations (102, 
104, 106, 108); 

(b) printing a second pattern (116) of spaced 
registration marks onto said substrate (110) by 
operation of another of said printing stations 
(102, 104, 106, 108), said second pattern (116) 
partially overlapping said first pattern (112) to 
form a composite pattern (120) of registration 
marks and interposed spaces; 

(c) illuminating said composite pattern (120) 
and examining the reflectivity thereof to obtain 
a reflectivity signature (S M ) for said composite 
pattern (120); and 

(d) comparing said reflectivity signature (S M ) of 
said composite pattern (120) with a predeter- 
mined signature (S 0 ), indicative of good regis- 
tration, to determine an adjustment factor {f m> 
f c , f y ) for said printer, 

characterised in that the reflectivity of said compos- 
ite pattern (120) is examined at wavelengths com- 
plementary to the colours of said first and second 
patterns. 

2. A method according to claim 1 , further comprising 
applying said adjustment factor (f m , f c , f y ) to said 
printer to ensure correct registration of subse- 
quently printed images. 

3. A method according to claim 1 , wherein said first 
pattern (112) of spaced registration marks com- 
prises a first sequence of first marks (1 1 4) having a 
known spacial distribution and said second pattern 
(116) of spaced registration marks comprises a 
second sequence of second marks (118) having a 
spacial distribution different from that of said first 
sequence 

4. A method according to claim 3, wherein said first 
pattern (112) of spaced registration marks com- 
prises a sequence of equally spaced groups of first 
marks (114) and said second pattern (116) of 
spaced registration marks comprises a sequence 
of equally spaced groups of second marks (118), 



said first sequence having a spacing different from 
that of said second spacing. 

5. A method according to claim 4, wherein the differ- 
5 ence between the spacing of said groups of said 

first sequence and the spacing of said groups of 
said second sequence corresponds to the minimum 
possible registration adjustment which can be 
applied to said printer. 

10 

6. A method according to claim 1 , wherein said prede- 
termined reflectivity signature (S 0 ) includes a point 
of minimum reflectivity and said measured reflectiv- 
ity signature {S M ) includes a point of minimum 

15 reflectivity, offset from the position of said predeter- 
mined reflectivity signature minimum by a distance 
indicative of said adjustment factor (f m , f c , f y ). 

7. A method according to claim 1 , wherein one of said 
20 printing stations (108) is considered as a reference 

station requiring no adjustment, whereby said 
adjustment factor (f m , f c > f y ) is indicative of an 
adjustment to be applied to the other of said print- 
ing stations (102, 104, 106). 

25 

8. A method according to claim 1 , wherein said first 
pattern of spaced registration marks is printed in a 
first colour and said second pattern of spaced reg- 
istration marks is printed in a second colour, differ- 
so ent from said first colour, whereby said composite 

pattern of registration marks is a multi-colour pat- 
tern (120) of registration marks. 

9. A method according to claim 8, wherein said multi- 
35 colour pattern (120) is illuminated with light from a 

plurality of light emitting diodes, having output 
wavelengths complementary to said first and sec- 
ond colours. 

40 1 0. A method according to claim 9, wherein the reflec- 
tivity of said multi-colour pattern (120) is measured 
by allowing light from said light emitting diodes to 
be reflected by said multi-colour pattern (120) to fall 
on a light sensor, without the imposition of colour f il- 

45 ters. 
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